OBJECTIVE -To characterize lower extremity function and dysfunction in peripheral artery disease (PAD) patients with and without diabetes.
D
iabetes is common in men and women with peripheral artery disease (PAD). In the Framingham study (1) , 20% of men and women with intermittent claudication had diabetes compared with 6% of those without intermittent claudication. Diabetes and PAD are both frequently complicated by neuropathy and foot ulceration, and each condition is associated with an increased risk of gangrene and lower extremity amputation (2) (3) (4) .
Among individuals in the general population, diabetes has also been associated with increased disability, poorer physical functioning, and an increased risk of being unable to do mobility-related tasks (3, 5, 6) . The excess risk of disability among people with diabetes may be related to the complications and comorbidities commonly associated with diabetes (5) . Whether the excess risk of disability associated with diabetes is exacerbated in subjects with PAD has not been previously studied.
Impaired lower extremity functioning is an important predictor of future disability, mobility loss, and nursing home placement (7, 8) . Maintaining function is an important public health objective because it allows men and women with chronic diseases such as diabetes and PAD to live longer. Establishing whether individuals with PAD and diabetes have greater impairment in lower extremity functioning than individuals with PAD without diabetes-and, if so, why they have greater impairment-could have important clinical implications for the prevention of disability in patients with PAD. The purpose of this study was to compare lower extremity functioning between PAD patients with and without diabetes. We hypothesized that PAD patients with diabetes, regardless of PAD severity, as measured by the ankle brachial index (ABI), have poorer lower extremity functioning than those without diabetes.
RESEARCH DESIGN AND METHODS

Participant identification
We defined PAD as an ABI Ͻ0.90. The study findings, therefore, are generalizable only to those PAD patients with compressible ankle vessels. Participants were identified from consecutive men and women aged Ն55 years with lower extremity arterial studies consistent with PAD at one of three Chicago-area medical centers' noninvasive blood flow laboratories between 1 January 1997 and 31 October 1999. Fewer participants were identified from general medicine patients aged Ն55 years with ABIs Ͻ0.90 who were seen in a large practice affiliated with Northwestern University Medical School.
Identified individuals were invited to return to the medical center for a study visit. The visit consisted of a comprehensive interview, lower extremity functional measurements, and a physical examination that included ABI, BMI, and monofilament testing for neuropathy. The Institutional Review Boards of Northwestern University Medical School and Catholic Health Partners approved the study protocol, and all participants gave informed consent.
A total of 150 participants were excluded because their ABI was Ն0.90 at the study visit. Patients who resided in nursing homes, were wheelchairdependent, had leg or foot amputations, did not speak English, or had MiniMental Status scores of Ͻ18 were also excluded from the study.
ABI measurement
Based on a previous study, ABI was calculated by averaging the dorsalis pedis and posterior tibial artery pressures in each limb and dividing this pressure by the average of the four brachial artery pressures (9) . The average of the brachial artery pressures in the arm with the highest pressure was used when one brachial arterial pressure was greater than the other in both measurement sets and when the right and left brachial artery pressures differed by Ն10 mmHg.
Leg symptom groups
Leg symptoms were ascertained using the San Diego claudication questionnaire (10) . Participants were categorized into five mutually exclusive leg pain groups: 1) no exertional leg pain; 2) atypical exertional leg pain/carry-on, defined as exertional leg symptoms that do not begin at rest and do not cause the participant to stop walking; 3) atypical exertional leg pain/stop, defined as exertional leg symptoms that do not begin at rest, are not consistent with intermittent claudication, and cause the participant to stop walking; 4) intermittent claudication, defined as exertional calf pain that does not begin at rest, causes the participant to stop walking, and resolves within 10 min of rest; and 5) leg pain with exertion and rest, defined as exertional leg pain that sometimes begins at rest.
Identifying diabetes and diabetes severity
We documented the presence of diabetes using a disease-specific algorithm from the Women's Health and Aging Study (WHAS) and the Cardiovascular Health Study (CHS) (11) . The algorithm combines data from patient report, the medical record, medications, and a primary care physician (PCP) questionnaire (11) . Diabetes was considered present if at least two of the following criteria were satisfied: 1) the patient reported physiciandiagnosed diabetes; 2) the patient was taking diabetes medications; 3) there was a medical record report of a GHb Ͼ10%; and 4) the PCP questionnaire reported a diagnosis of diabetes. If the first three criteria were not satisfied but the PCP questionnaire indicated diabetes, the physician was recontacted for confirmation. If the diagnosis was confirmed, the patient was considered to have diabetes. The algorithm does not distinguish between type 1 and type 2 diabetes. To estimate diabetes severity, participants with diabetes were classified according to their use of diabetes medication: 1) no diabetes medication; 2) oral medications only; or 3) insulin with or without oral medication.
Other medical conditions
Comorbidities other than diabetes that were previously shown or expected to influence lower extremity functioning were identified using methods from the WHAS and the CHS (11) . These included angina, myocardial infarction, stroke, heart failure, pulmonary disease, knee and hip arthritis, spinal stenosis, disc disease, Parkinson's disease, and hip fracture (12, 13) . The presence of high cholesterol was determined using medical records and PCP questionnaire, whereas hypertension was determined by self-report and PCP questionnaire. Physician-diagnosed vision problems were established by self-report.
We used the Geriatric Depression Scale (GDS) short form to ascertain the presence of depressive symptoms (range 0 -15, higher ϭ more depression) (14) . Depression was defined as the presence of six or more depressive symptoms on the GDS (14) . A monofilament was used to assess sensation on the dorsal and ventral surfaces of each foot in specific locations as previously described (15, 16) . The ordinal neuropathy score that was developed represented the number of items missed on the monofilament test (range 0 -22, higher ϭ worse).
Lower extremity functional measures Measure of walking endurance: the 6-min walk. The 6-min walk distance measures endurance and correlates significantly with time to onset of leg pain during treadmill testing, maximum distance achieved in treadmill testing, physical activity levels, and ABI (9, 17, 18) . Using a standardized protocol, participants were instructed to walk up and down a 100-foot distance for 6 min, covering as much distance as possible (17, 18) . Measures of walking speed: 4-m walking velocities. The usual and fast-pace 4-m walking velocities measure the time it takes participants to walk a 4-m distance at both their usual and fastest pace, respectively. Both of these walks were performed twice, and the fastest walk in each set (usual and fastest pace) was used in analyses (8) .
Measures of balance and strength: tandem stand and repeated chair rises. The full tandem stand measures whether or not participants can stand with both feet together side-by-side for 10 s (7, 8) . The repeated chair rises test measures the time it takes to complete five chair rises and is a measure of leg strength as well as balance (7, 8) .
Measures of physical activity
Physical activity levels were measured over 7 days using the Caltrac accelerometer (19 -21) . Based on previous study, we programmed accelerometers using identical weight, height, age, and sex for each participant so that activity could be compared meaningfully among all study participants (19 -21) . Programmed in this manner, the accelerometer measures activity units. Because we had a relatively small number of accelerometers, they were distributed to participants when available. Forty-six percent of the study participants wore the accelerometer. There were no significant differences in age, sex, BMI, or diabetes prevalence between those who wore the accelerometer and those who did not. Self-reported physical activity was measured by asking all participants to estimate the number of PAD, diabetes, and reduced lower extremity functioning stairs climbed and city blocks that they had walked in the past week.
Walking Impairment Questionnaire
The Walking Impairment Questionnaire (WIQ) measures self-reported walking speed and distance among PAD patients (22, 23) . To measure walking distance, participants ranked their ability to walk specific distances on a 0 -4 Likert scale. The WIQ distance score was calculated by multiplying the Likert scale score with the corresponding distance, summing these products, and then dividing by the maximum score possible to get a percent score that ranged from 0 to 100 (100 ϭ best). Walking speed was assessed by asking subjects to rank their degree of difficulty walking a block slowly, at average speed, quickly, or running/jogging on a 0 -4 Likert scale (4 ϭ best). Participants' responses on the Likert scale were multiplied by the approximate miles per hour represented by each walking speed. The resultant score was divided by the maximum possible score to achieve a percent score that ranged from 0 to 100 (100 ϭ best).
Composite measure of lower extremity functioning: summary performance score The summary performance score (SPS) measures leg strength, balance, and usual walking speed (8) . To calculate the SPS, a 0 -4 score was assigned for 4-m walking velocity, chair rises, and standing balance, respectively, based on cut points derived from normative data of representative community populations. These scores were summed to obtain the SPS, which ranged from 0 to 12 (12 ϭ best) (9, 24) .
Statistical analyses
Differences in clinical characteristics and lower extremity functional measures between PAD participants with and without diabetes were assessed using analysis of covariance while adjusting for age. Statistical significance was based on logistic regression for dichotomous variables and analysis of variance for continuous variables. Using a forward-selection method, multiple linear models were developed to test for potential predictors that accounted for differences between participants with and without diabetes in the following lower extremity functional measures: 6-min walk distance, fastest pace 4-m walking velocity, WIQ speed performance score, and SPS. These four measures were chosen based on their strong correlation with ABI (19, 25) . First, potential confounders, including age, sex, race (African-American or non-AfricanAmerican), and BMI, were simultaneously forced into the first model on the basis of previous studies. Second, other potential predictors, including four dummy variables for leg symptoms (exertional leg pain/carry-on, exertional leg pain/stop, intermittent claudication, and leg pain with exertion and rest, with no exertional leg pain used as the reference category), neuropathy score, number of cardiovascular diseases (including myocardial infarction, heart failure, angina, and stroke), number of arthritis diseases (including knee and hip arthritis, hip fracture, spinal stenosis, and disc disease), number of other diseases (pulmonary disease and cancer), depression score, and ABI were entered one at a time into the linear model. From these analyses, we selected as the next covariate for the second model the variable that explained the greatest difference (i.e., reduced most the difference between groups) in performance between participants with and without diabetes, and that still remained statistically significant (P Յ 0.10) after adjusting for other covariates already in the model. Once a variable had been selected, it stayed in the model. This selection process continued until no variable considered for addition improved the model.
We also assessed the differences in lower extremity functioning among PAD patients with different diabetes severity using analysis of covariance while adjusting for age, sex, race, and BMI. All analyses were conducted using SAS Statistical Software (SAS Institute Inc, Cary, NC). The P values for leg symptoms were for comparing the rate of each leg symptom between PAD participants with and without diabetes. §Total number of comorbidities other than diabetes included the following: myocardial infarction, heart failure, angina, stroke, knee arthritis, hip arthritis, hip fracture, spinal stenosis, disc disease, pulmonary disease, and cancer. Cardiovascular disease included myocardial infarction, heart failure, angina, and stroke. ¶Lower extremity arthritis included knee arthritis, hip arthritis, hip fracture, spinal stenosis, and disc disease.
RESULTS
Study participant characteristics
PAD patients with diabetes were younger than those without diabetes and had a higher mean BMI, a worse neuropathy score, a higher prevalence of hypertension, and a greater number of comorbidities (predominantly cardiovascular) (Table 1) . Although the mean ABI was similar between the two groups, exertional leg pain symptoms were different. PAD patients with diabetes were less likely to report intermittent claudication than those without diabetes and more likely to report leg pain on exertion and rest.
Lower extremity functioning: participants with diabetes versus participants without diabetes Table 2 shows the age-adjusted measures of lower extremity function among PAD participants with and without diabetes. Those with diabetes consistently performed worse than those without diabetes. The differences between participants with and without diabetes were most marked in measures of balance, walking endurance, and walking speed. Specifically, participants with diabetes were less likely than participants without diabetes to complete the full tandem stand, took a longer time to complete five repeated chair rises, had significantly slower walking velocities, and walked significantly fewer feet during the 6-min walk. This latter difference appeared to be due to a discrepancy in walking speed because the stop rate during the 6-min walk was similar in the two groups. In contrast, there were no significant differences between participants with and without diabetes in the accelerometer score, the number of blocks walked, or the number of flights of stairs climbed in the past week. All three of these latter measures assessed physical activity. Table 3 shows the adjusted association between lower extremity functioning and diabetes severity. For all four measures analyzed, after adjusting for age, sex, race, and BMI, participants without diabetes performed the best, and participants with diabetes who were on medication performed the worst. The relation between insulin versus oral diabetes medication and lower extremity functioning was inconsistent. For the WIQ speed score, patients with diabetes on insulin performed worse than those on oral medications, although this difference was not significant. For the 6-min walk distance, the SPS, and the fast-pace 4-m walking velocity, the reverse was true. Differences between diabetes severity groups remained significant for the SPS and the fastest-pace 4-m walking velocity, even after further adjusting for leg symptoms and comorbidities.
Diabetes severity
Predictors of differences in the lower extremity functional measures between PAD patients with and without diabetes Table 4 shows results for the stepwise linear regression models, in which the effects of individual potential confounders are shown using stepwise methods and expressed as adjusted differences in functional measurements (6-min walk distance, SPS, fastest-pace 4-m walking velocity, and WIQ speed score) between PAD participants with and without diabetes. Differences in leg symptoms and neuropathy scores appeared to account for all of the significant differences in the 6-min walk distances between the participants with and without diabetes and much of the differences in the SPS and fastest-pace 4-m walking velocities between participants with and without diabetes. Cardiovascular disease was also a large contributor to the differences in fastestpace 4-m walk velocity. The neuropathy score largely explained the differences in WIQ speed scores between participants with and without diabetes. For both the SPS and the fastest pace 4-m walking velocity, there remained a statistically significant residual difference between participants with and without diabetes, even after adjusting for potential confounders.
CONCLUSIONS -In this cohort of men and women aged Ն55 years with PAD, participants with diabetes had poorer lower extremity functioning than those without diabetes. Differences between PAD participants with and without diabetes were greatest for the measures of balance, walking endurance, and walking speed. Poorer neuropathy scores, higher prevalence of leg pain on exertion and rest, and a greater number of cardiovascular diseases among participants with di- abetes accounted for much but not all of the differences observed.
Although most of the differences in lower extremity functioning were associated with diabetes-related factors (neuropathy and leg pain symptoms) and cardiovascular disease, even after adjusting for these and other confounders, we were not able to account for all of the differences observed between PAD participants with and without diabetes in regard to fastest-pace 4-m walking velocity and SPS. There are several potential explanations for our results. First, our neuropathy score is only a crude measure of sensory neuropathy and does not assess propioception or autonomic dysfunction, both of which may be adversely affected by diabetes and could negatively impact on lower extremity functioning. A more thorough and comprehensive investigation of diabetic neuropathy would include measurement of sensory and motor nerve conduction velocity, vibration perception threshold, warmth and cold perception threshold, and autonomic testing. Second, it is possible that medial arterial calcinosis, which is more common in people with diabetes (26, 27) , may have led to falsely elevated ABIs in the participants with diabetes, thereby underestimating the severity of PAD in the group with diabetes. Such an underestimation could explain the residual differences in the fastest-pace 4-m walking velocity and SPS after adjusting for ABI.
In contrast to the differences observed in measures of balance, leg strength, walking endurance, and walking speed, both self-reported and accelerometer-measured physical activities were similar between participants with and without diabetes. The reasons for this are unclear. It is possible that diabetes-related neuropathy, which accounts for much of the difference between participants with and without diabetes in the other measures, does not have a significant adverse effect on physical activity. Alternatively, it is possible that differences in physical activity levels between PAD patients with and without diabetes do exist, but that the physical activity measures used were not sensitive enough to detect these differences.
Among patients with coronary artery disease, patients with diabetes are less likely than patients without diabetes to have typical angina (28) . Our findings suggest that there is a similar phenomenon in PAD patients with diabetes. Compared with PAD patients without diabetes, PAD patients with diabetes were less likely to have classical intermittent claudication but more likely to have leg pain with exertion and rest. The presence of diabetes-related neuropathy may explain the majority of the differences in leg pain symptoms between patients with and without diabetes. Altered foot architecture, common in patients with diabetes but not measured in this study, may also have contributed to the higher prevalence of leg pain on exertion and rest observed in PAD patients with diabetes. *P derived using analysis of covariance comparing all four groups. Race was categorized as African-American or non-African-American. Leg symptoms were categorized as four dummy variables (exertional leg pain/carry-on, exertional leg pain/stop, intermittent claudication, and leg pain with exertion and rest, with no exertional leg pain as reference group). Comorbidities were defined as number of cardiovascular diseases (including myocardial infarction, heart failure, angina, and stroke) and number of arthritis diseases (including knee arthritis, hip arthritis, hip fracture, spinal stenosis, and disc disease). The SPS combined performance on walking velocity, repeated chair rises, and standing balance tests (0 -12 scale, 12 ϭ best). *At each step (except in the first model), the variable that explained the largest difference between participants with diabetes and without diabetes was selected. Later models contain all the variables included in earlier models. †Race was categorized as African-American or non-African-American. Leg symptoms were categorized as four dummy variables (exertional leg pain/carry-on, exertional leg pain/stop, intermittent claudication, and leg pain with exertion and rest, with no exertional leg pain as reference group). Neuropathy score denotes the number of items missed on the monofilament test (0 -22 scale, higher ϭ worse). Cardiovascular diseases included myocardial infarction, heart failure, angina, and stroke. Arthritis diseases included knee arthritis, hip arthritis, hip fracture, spinal stenosis, and disc disease. Depression was defined as a GDS score of Ն6 (0-15 scale, higher score ϭ greater depression). SPS combined performance on walking velocity, repeated chair rises, and standing balance tests (0 -12 scale, 12 ϭ best).
There are several limitations to this study. First, we excluded those PAD patients from our noninvasive vascular laboratory with ABIs Ͼ0.90, a finding suggestive of calcified, noncompressible vessels that is more common in patients with diabetes than patients without diabetes (26, 27) . Our findings, therefore, cannot be generalized to PAD patients with diabetes who have noncompressible vessels. Second, because medial calcinosis in patients with diabetes is associated with neuropathy (29, 30) to the extent that neuropathy affects lower extremity function, exclusion of PAD patients with diabetes and noncompressible vessels may have underestimated the differences in lower extremity function between PAD patients with and without diabetes. Third, despite our rigorous method of diabetes ascertainment, it is possible that our study population of PAD patients without diabetes included some subjects with undiagnosed diabetes, which might have reduced the observed differences between participants with and without diabetes. However, we believe the number of undiagnosed cases of diabetes was very small because once a patient is diagnosed with PAD, he/she is generally monitored regularly for diabetes. Fourth, we did not have information on duration of diabetes or glucose control, which may have been better measures of diabetes severity than the methods used. Although we did not have information on the type of diabetes, given the mean age of the patients with diabetes (69 years) and the small proportion of patients using insulin in the diabetic group, we estimate that the majority had type 2 diabetes.
Previous studies have shown high rates of foot ulcers and lower extremity amputations in PAD patients with diabetes as well as faster rates of PAD progression in patients with diabetes compared with patients without diabetes (3, 4, 31) . Thus, diabetes is known to be associated with more severe forms of clinically apparent PAD. This report extends the spectrum of diabetes-related complications to include lower extremity dysfunction in PAD patients. The excess disability associated with diabetes in PAD patients is consistent with what has been found in the general population (3, 5, 6) . Our results also give further support for aggressive lifestyle modification for diabetes prevention in those with PAD at risk for developing diabetes. Patients with PAD without established diabetes should be aggressively monitored for the development of diabetes; if they do have diabetes, they should be evaluated for the presence of associated comorbidities that could contribute to disability. Based on our data, potential interventions to improve lower extremity functioning in PAD patients with diabetes might include the development of effective treatments for leg pain on exertion and rest, prevention and treatment of neuropathy, and prevention of cardiovascular disease. Given the association between poorer lower extremity function and future disability, mobility loss, and nursing home placement (7, 8) , these findings are likely to have important prognostic implications for PAD patients with diabetes.
